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This investigation represents one of the first electron microscopic
studies on determining the mode of action of the chemical herbicide
sethoxydim, 2-,-1-(ethoxydimino)butyl -5- .2-(ethiothio)propyl ,-3hydroxy-2-cyclohexen-1-one.

Samples were excised from the intercalary

meristem of johnsongrass (Sorghum halpense) at time intervals of 1,3,
6,12,24,36,48,60, and 72 hours and examined using electron microscopy.
Transmission electron micrographs revealed that cellular activity shows
alterations or abnormalities as early as six hours.

Membranes show

deterioration at this time and chloroplasts contain densely staining
starch granules.

As time intervals increase, cellular degradation

becomes more evident.

Nuclear membranes extend outward into the

cytoplasm in various types of cells.
demonstrates plasmolysis.

After 72 hours, the protoplasm

The cell walls, plasma membranes, and plasmo-

desmata are also influenced by the sethoxydim treatment.

Scanning

electron micrographs were studied for the effects on vascular bundles
and the surrounding tissue.

The results were similar to those found by

transmission electron miscroscopy.

INTRODUCTION
Sethoxydim, 2-1-(ethoxydimino)buty11-5-L2-(ethyithio)propy1]-3hydroxy-2-cyclohexen-leone, is a postmergence herbicide used to control
annual and perennial grass weeds in broadleaf crops, especially s. .)eans.
The results obtained from using sethoxydim are generally effective,
however the mode of action of the chemical within the plant is still
not known.

Only limited research on the mode of action of herbicides

has been done.

The term "mode of action" refers to all the events that

occur from the time of introduction of a herbicide into the environment
to the death of the plant (1).

It includes a description of the physical

and molecular fate of the herbicide in the plant as well as the metabolic
and structural changes induced (3).
Knowledge of the structural changes induced by herbicides can
provide explanations for visual symptoms.

This information can be of

considerable value in determining whether the abnormal growth pattern
of a plant in the field has been caused by the chemical.

Observations

derived from morphological, anatomical and cytological studies can
provide data that may suggest the physiological and biochemical events
that are modified by herbicide activity.

This data is especially true

when the investigations are at the light and electron microscope level
(3).
In this study, the scanning and transmission electron microscopes
were used to study the effects after treatment with sethoxydim on the
intercalary meristem of johnsongrass (Sorghum halpense), whereas
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previous light microscopic investigations have dealt with the apical
meristem region.

The intercalary region is an actively growing primary

tissue derived from the apical meristem found in internodes and leaf
sheaths of many monocotyledons.

The term intercalary implies that the

meristem is inserted between more or less differentiated tissue regions.
The relationship between the apical meristem and the intercalary
meristem is best understood in grasses.

The internode develops through

division and expansion of cells at the base of leaf insertions called
nodes, which are separated from each other by intercalary growth.
The cells divide at first throughout the young internode, but meristematic activity is later confined to more restricted areas--usually
at the base of the internode.

After internodes and leaf sheaths

complete their elongation, the basal portion has the potential for
further growth even though fully differentiated vascular and supporting
cells are present (5,6).
Figure 1 illustrates the area from which samples were removed for
this study. The intercalary region was selected because previous research
has indicated high activity in this region following treatment with

sethoxydim.

Light microscopic studies have indicated there is inhibition

of the mitotic process by sethoxydim; therefore, effects would first
occur in meristematic regions.
Composition of Meristematic Region
The intercalary meristem consists of parenchyma, collenchyma,
sclerenchyma, phloem and xylem tissues along with meristematic cells.
Parenchyma is the fundamental or ground tissue in which other tissues are
imbedded and is the site of essential activities such as photosynthesis,
respiration and storage of food.

These tissues also play an important

3

FIGURE I.

The intercalary meristem of Johnsonorass is shown in this
drawing with relationship to node and internode.

4
role in movement of water through xylem tissue and nutrient transport in
phloem tissue.
primary cell

The cells, typically, have a polyhedral shape with thin
walls

but can develop secondary cell walls and are

capable of resuming meristematic activity (5,6).
Collenchyma is considered to be a tissue that is a form of parenchyma,
specializing as a support tissue, capable of resuming meristematic
activity.

The collenchyma cells have thick cell walls that are relatively

soft and nonlignified.

Collenchyma tissue occurs in the peripheral

position of a grass stem.
Another supporting tissue in the internode region is sclerenchyma which contains sclerenchyme cells having secondary cell walls that
are normally lignified.

The cells usually lack a living protoplast at

maturity and are associated with the vascular bundles that are scattered
throughout the stem.
The phloem tissue is composed of sieve elements which include sieve
cells and companion cells, sclerenchyma cells and parenchyma cells.

This

tissue's main function is the conduction of photosynthates throughout the
plant.

The sclerenchyme cells are support components, and parenchyma

cells aid in food storage and radial translocation of food substances.
The xylem tissue is the principal water conducting tissue and
consists of tracheids, vessels, sclerenchyma and parenchyma cells.
It, along with phloem tissues, comprises what is known as vascular
bundles.

REVIEW OF LITERATURE
For field use, an understanding of herbicide mode of action
is unnecessary.

When cases of unusual reaction or failure appear in the

field, knowledge of the mechanism of action is needed to interpret these
effects.

Knowledge of the mode of action is basic to understanding

the principles of herbicide synthesis and screening

and is of prime

importance for work on residues and contamination of the environment (3).
The mode of action has been described as the mechanism by wnich a
herbicide kills a plant; with sethoxydim this mode of action is unknown
(10).

The Herbicide Handbook describes sethoxydim as a systematic

herbicide translocated rapidly both acropetally and basipetally once
inside the plant tissues.

The site of action is meristematic regions

with it's mechanism of action under investigation (9).

Movement within

the plant is believed to be by photcsythate stream, moving from cell
to cell via the plasmodesmata (1,3).
Limited research has been conducted concerning the mode of action
of sethoxydim in plants.

Swisher and Corbin found it impossible to

ascribe a particular mode or site of action

but felt the herbicide may

be affecting areas of high metabolic activity within meristematic regions
of susceptible species (15).

In soybeans, a non-susceptible species,

the parent molecule is oxidized, structurally rearranged and conjugated.
Transformation to metabolites is very rapid (1).

There is uncertainity

whether tissue destruction is the result of greater sensitivity in these
meristematic regions or of higher concentration of the chemical in the
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metabolic sinks (2,15).

Studies on metabolism and mechanism of action

of herbicides in intact higher plants are complicated by variables
related to absorption, translocation and transpiration (4).
Sethoxydim is primarily a phloem-mobile compound which has been
found to translocate in a source to sink manner with photosynthates
following foliar application (2).

The source to sink relationship is

based on a hypothesis proposed by Munch in 1930 and summarized in the
following:
"Transport is along a physical turgor or osmotic
gradient in the phloem. High concentrations of sugar
in the phloem cause water to move by osmosis into the
phloem, then high turgor pressure forces the contents
r)f the sieve tube to flow in mass to areas of low tumor
pressure or sinks. This process occurs only when the
concentration of sugar in phloem is greater than the
surrounding cells" (3).
The death of tissue located in the sink regions, such as developing
leaves, due to herbicide activity would disrupt the flow of nutrients
and herbicide from mature leaves (7,15).

Light microscopic examination

of seedliog johnsongrass plants treated with foliar applications of
0.48 u7i/plant revealed disorganized apical regions and necrotic cells
within the apex and leaf primordia of the shoot 24 hours after treatment
(15).

Localized necrotic zones have been found in developing leaves

and internodes uric day after treatment with sethoxydim in johnsongrass
and corn (Zea mays) seedlings (2,10).

These necrotic zones in the basal

region may be significant especially in older leaves.

The maturation

of leaves is in a basipetal direction in the narrow leaves of grasses,
and growth becomes localized in the intercalary meristem.

These inter-

calary divisions are the major contribution to the size of the leaf.
The ceasing of meristematic activity proceeds from the apex to the
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base (5,6).

The apical regions of mature leaves appear uninjured in the

Swisher and Corbin study, indicating meristematic or potentially meristematic cells are more sensitive to sethoxydim than differentiated
mature cells (15).
Sinucleated cells have been seen at light microscopic levels in
both johnsongrass and corn seedlings after receiving treatments of
sethoxydim (2,10,15).

This binucleation is not believed to be an

effect of karoykinesis, the division of the nucleus, but that sethoxydim
interferes with cytokinesis, the division of the extranuclear part of
the protoplast, by preventing cell-plate formation (2).

Studies

performed with trifluralin on mitosis showed similar effects, much
like colchicine, a drug that interferes with spindle formation in mitosis.
These effects included arrested metaphase, micronuclei, amoeboid nuclei
and polyploidy with chromosomes becoming scattered throughout the
cytoplasm (13).

Ashton described these effects as "mitotic aberrations

including multinucleated cells often with spindle abnormalities and
vacuoles that mature early accompanied by cell enlargement" (3).
Swisher also found cell division is frequently blocked at metaphase (15)
Sethoxydim effects on chloroplasts in corn seedlings showed
there is a decrease in chlorophyll with an increase in levels of sugars
in mature leaves and an accumulation of anthrocyanins--soluble, reddishblue pigments (7).

This observation however could be an effect of the

death of cells within the meristematic region which disrupts photosynthate and herbicide transport.

The effect of sethoxydim on apparent

photosynthesis inhibition has been investigated using corn seedlings,
where regions adjacent to treated areas on leaf surfaces were not
affected, but inhibition occurred uniformly over untreated areas proximal

S
and distal to the treated leaf area.

This factor suggests that inhibi-

tion of photosynthesis may have been initiated at a location other than
the original point of application (7).

In the same study, it appeared

basipetal translocation occurred very rapidly because tissue near the
stem base was found to be affected within 24 hours.

MATERIALS AND METHODS
Johnsongrass rhizome sections were planted in six inch pots and
grown under greenhouse conditions.

At an approximate height of 40 cm,

10 plants were removed from the greenhouse and placed in an open environment at which time a control sample was taken from the intercalary
meristem region.

The remaining plants were treated with 0.3#r of

sethoxydim plus 1 quart crop oil concentrate per acre using a hand held
sprayer.

Samples of treated and control plants were excised from the

intercalary meristem region closest to the base of the internode

at

The tissue

time intervals of 0,1,3,6,12,24,36,48,60, and 72 hours.
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was excised into mm , fixed in 3% gluteraldehydeformaldehyde in 0.2 M
cacodylate buffer at pH 7.2 for 2 hours, rinsed twice in buffer and
post fixed in buffered 1% osmium tetroxide for 1 hour.

The oxmium

tetroxide had been buffered with 0.2 M cacodylate buffer.

Following

additional rinses in buffer all tissue was dehydrated in a graded
ethanol series at 30 minute intervals beginning with 20% up to 10CY:
ethanol when all tissue was put through two 30 minute steps.
were then randomly separated into two containers.

Sample,_.

One selection was

prepared and embedded in L. R. White acrylic plastic.

Thin sections

were cut using a diamond knife on a Reichert OMU-2 ultramicrotome and
examined on a Zeiss 92 electron microscope.

The other group of samples

was critical point dried in a Samdri 790 critical point dryer, carbon
and gold coated using a NRC 3117 vacuum evaporator and viewed on an ISI
Super III-A scanning electron microscope.
9

RESULTS
Transmission Electron Microscopy
The amount of time necessary for sethoxydim to cause morphological,
anatomical and cytological changes was a factor in this study along
with mode of action.

The results that were obtained using the trans-

mission electron microscope are presented by the time interval in which
the sample was removed from the treated plant.
Control
Figures 2 an

3 are micrographs of control tissue showing typical

parenchyma cells of the intercalary region.

Cells appear to have large

vacuoles with limited cytoplasm and thin cell walls.

Chloroplasts and

mitochondria are also seen in these cells.
One Hour
Parenchyma cells from a treated plant are shown in Figure 4 and
appear normal after one hour.
cells

In Figure 5, sieve cells and companion

along with parenchyma cells indicate normal ultrastructure.

Three Hours
Little evidence of change is seen in the parenchyma cells in
Figure 6 three hours after treatment.
graph appear normal.

Cell organelles seen in the micro-

The nucleus seen in Figure 7 appears to have

activity occurring at one end.

Cell walls are intact and a high

concentration of starch granules seen in the plastids.

The cell wall in

Figure 3 contains osmiophilic particles associated with only the cell wall
indicating it is not a preparation artifact.

10

Figure 9 shows the cell

11

FIGURE 2.

Control Tissue. A parenchyma cell that has not received any
chemical treatment contains a large vacuole (V), chloroplasts (Ch) and a thin cell wall (CW) with limited cytoplasm. These are typical organelles of growing parenchyma
tissue. 5900X

FIGURE 3.

Control Tissue. A nucleus (N) appears in this parenchyma
cell along with chloroplasts containing starch granules (S),
Mitochondria (*) are situated next to the cell wall (CW)
and a large vacuole (V) is present. 5900X

OCUMEITM
ELL
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FIGURE 4.

One Hour. Nucleus (N), chloroplasts (Ch), cell wall (CW)
of these parenchyma cells
and intracellular space
treatment with sethoxydim.
after
appear normal one hour
10,000X

oCUMOM
EL L
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FIGURE 5.

One Hour. The phloem tissue in this micrograph shows normal
structure one hour followino exposure to sethoxydim. Sieve
elements (SE), companion cells (CC) and parenchyma cells (Pa)
are intact in the tissue. 9800X

14

FIGURE 6.

Three Hours. Parenchyma cells, three hours after chemical
application, continue to appear normal with intact cell walls
(CW), mitochondria (M), chloroplasts (Ch) and nucleus (N).
The nucleus of one cell (N2) appears to be deteriotating.
9800X
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FIGURE 7.

Three Hours. An unusual area (*) in the nucleus (N) of
this collenchyma cell is the only indication that there
might be an effect of the herbicide. Chloroplasts contain
large starch granules (S) and the cell wall (CW) appears
normal. 12,700X
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FIGURE 3.

Three Hours. Dense osmiophilic particles (0) are located
between two oarenchyma cells and do not appear to be preparation artifacts. The nucleus (N) and other cell organelles remain structurally normal. 11,000X

FIGURE 9.

Three Hours. At higher magnification the osmiophilic
particles are more clearly seen. 52,000X
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wall at higher magnification.
Six Hours
A dense, more compact cytoplasmic matrix begins to show six hours
following sethoxydim treatment in parenchyma cells, Figure 10.

The

vacuoles contain osmiophilic dense particles and a dense tonoplast.
Chromatin has started to accumulate around the nuclear periphery with a
large nucleolus in the nucleus.

Osmiophilic areas have concentrated in

the starch granules of four adjacent chloroplasts in the micrograph
of Figure 11.

The cell wall and the plasma membrane are separating

in the cell.

Pit formation occurring between two collenchyma cells

is illustrated by Figures 12 and 13.

Plasmodesmata connect the two

living protoplasts and a pore space is evident.
functions of a normal collenchyma cell.

These events arp all

The disrupted appearing cell

wall in Figure 14 contains a cylindrical grouping of plasmodesmata.
Normal appearing chloroplasts occur in the cell seen in Figure 15.
The secondary cell wall and middle lamella begin to widen as they extend
around the neighboring cell (lower right side of micrograph).
cavity is seen in the upper right.

A pit

Collenchygo and sclerenchyma cells

in Figure 16 show a different pit formation with the sclerenchyma side
having no secondary wall formation over the pit but the collenchyma
primary cell wall and plasma membrane are still a continuous layer.
The plasma membrane has separated from the wall in the collenchyma
cell, and the nuclear envelope appears disrupted.
Twelve Hours
After exposure to sethoxydim for twelve hours, parenchyma cells
in Figure 17 show dense areas in the intracellular space and plasmodesmata appearing in the cell wall with a vesicle forming along the
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FIGURE 10.

Six Hours. Following treatment, parenchyma cell vacuoles
contain osmiophilic dense particles (arrows) and dense
material surrounds the tonoplast. The nuclear (4)
periphery has chromatin build up (*) and a large nucleolus
(Nu). 11,000X
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FIGURE 11.

Six Hours. Chloroplasts, after six hours of exposure to
sethoxydim, contain starch 9ranules (S) that are densely
stained. The cell wall (CW) and plasma membrane (arrows)
show signs of separation in this parenchyma cell. 13,700X
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FIGURE 12.

Six Hours. Pit cavities (PC) connecting two collenchyma
cells give indications of normalcy, along with the middle
lamella (ML) and secondary cell wall (SW). 16,500X

FIGURE 13.

Six Hours. Higher magnification of pit formation shows
the secondary cell wall (SW) and middle lamella (ML) with
plasmodesmata (*) connecting the protoplasm (P) of the
cells. 45,000X
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FIGURE 14.

Six Hours. Micrograph of a disrupted cell wall (CW)
containing cylindrical grouping of plasmodesmata (Pd)
may be an indication of early sethoxydim activity in
cell wall. 13,700X

FIGURE 15.

Six Hours. The chloroplasts (Ch) are not abnormal in this
six hour sample, however, the cell wall (CW) and middle
lamella (ML) are be?inning to spread (arrow). 13.700X
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FIGURE 16.

Six Hours. A pit cavity (PC) is evident in the sclerenchyma
cell (Sc) but does not appear in the collenchyma cell (Co).
The plasma membrane is breaking away from the cell wall
(arrow). The chloroplast contain starch granule (S) that
have dense particles. A disruption of the nuclear envelope
(Ne) around the nucleus (N) is shown. 16,600X
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FIGURE 17.

Twelve Hours. Dense areas appear (arrows) in the intracellular space (IS) and plasmodesmata (*) with associated
vesicles (Ve) are seen. A nucleus (N) and chloroplasts
(Ch) are also present. 11,700X

24
cell wall in the tightly packed cytoplasm.

The nuclear envelope

surrounding the nucleus in Figure 18 shows irregularities, and a portion
of the cell wall is undergoing a type of pit formation.
mitochondria and Golgi bodies are present.

Numerous

Plasmodesmata are linked to

a membrane extending into the cytoplasm from the nucleus in Figure 19.
The nucleus appears normal.
Twenty-Four Hours
Chloroplasts in parenchyma cells, Figure 20, still have intact
membranes.

A plasmodesma is seen in the cell wall, and the tonoplast

is discontinuous around the cytoplasmic matrix.

Figure 21 examines

sieve tubes and companion cells, along with sclerenchyma and parencnyna
cells.

Dense chromatin materials appear around the nuclear periphery

in the companion cell.

The middle lamella and primary cell wall of the

sclerenchyma cell show signs of thinning in several locations.

The

xylem cell seen in Figure 22 has a small portion of secondary cell wall
detached from primary wall.

The adjacent parenchyma cell contains

numerous vesicles and endoPlasmic reticulm.

A companion cell and sieve

tube are seen with a sieve plate between the two cells.
Thirty-six Hours
Numerous changes are seen after thirty-six hours of exposure to
set

.Jedim.

Much activity occurs in the cell wall and membranes.

In

Figure 23 examination of plasmodesmata and pit formation in the cell wall
is possible with higher magnification.

Endoplasmic reticulum, plasma

membrane and microbodies are also present in this micrograph.
activity is seen in Figures 24, 25, 26, and 27.

Cell wall

Collenchyma cells in

Figure 24 have a pit cavity with the plasma membrane extending over the
pit area of one cell.

Note the apparent degradation of the nucleus.

25

FIGURE 18.

Twelve Hours. In this micrograph a disrupting nuclear
envelope (Me) is seen around the nucleus (N). Pit
cavities (PC) appear along one side of the cell wall.
9800X
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FIGURE 19.

Twelve Hours. Extension from plasma membrane (PM) to
the nucleus (N) is observed in this parenchyma cell which
is not a normal function. Endoplasmic reticulum (ER)
appears in the adjacent cell cytoplasm. 13,700X
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FIGURE 20.

Twenty-four Hours. Chloroplasts with starch granules (S)
and grana (G) are still intact in these parenchyma cells.
The tonoblast (T) appears to be discontinuous around the
cytoplasm. 16,600X
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FIGURE 21.

Twenty-four Hours. Phloem tissue, sieve element (SE) and
companion cell (CC), and the adjacent parenchyma (Pa) and
sclerenchyma (Sc) cells do not show extreme adversities
to sethoxydim but there are some indications of cell
membrane degradation (arrows). 17,600X
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FIGURE 22.

Twenty-four Hours. Xylem tracheid cell (X) shows the secondary cell wall detaching from the primary cell wall (arrow).
A parenchyma cell contains vesicles and endoplasmic
reticulum (*) that appear to be in an active state. A
companion cell (CC) and sieve elements (SE) are seen with
a sieve plate (Sp). 13,700X
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FIGURE 23.

Thirty-six Hours: The intracellular connection is seen with
plasmodesmata (Pd) in association with pit cavities (PC).
The plasma membrane (arrows) and cell wall (CW) are
present with endoplasmic reticulum (ER) stretching adjacent
to the cell wall and microbodies (Mb) grouped together.
45,000X

OCLIMEIVT3
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FIGURE 24.

Thirty-six Hours. Cell wall activity is seen in this
micrograph following herbicide exposure for thirty-six
hours, showing a pit cavity (arrow) of one cell with intact
plasma membrane (PM) across the cavity. The nucleus (N) is
undergoing degradation. 13,700X

FIGURE 25.

Thirty-six Hours. Continuous alteration in the pit cavity
(arrows) is seen in this view showing a cell wall (CW) with
plasmodesmata (Pd) associated with a vesicle (ye) in one
cell, and no plasmodesmata associated with a dense structure
in the adjacent. 19,500X
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FIGURE 26.

Thirty-six Hours. Continued cell wall abnormalities (*)
are observed occurring in the cell wall of a sclerenchyma
(Sc) and a parenchyma (Pa) cell. It should be noted that
the nucleus (N) of another parenchyma cell (Pa2) appears to
be normal even after exposure for thirty-six hours to
sethoxydim. 12,700X

FIGURE 27.

Thirty-six Hours. Cell wall degradation is readily apparent
in this micrograph. Plasmodesmata (Pd) show a circular
pattern in the cell wall. The plasma membrane (PM) has
become detached from the cell wall. The intracellular
space (IS) also shows membrane detachment. 13,000X
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Figure 25

ShOWS

another pit area with one primary wall in conLact with

the plasmodesmata and the other wall lacking contact.

More peculiar cell

wall invaginations are :een in Figure 26 in the sclerenchyma cell wall
which shows no indentation in the adjacent parenchyma cell wall.

The

nucleus of the parenchyma cell is still intact in this micrograph.
Cell wall breakdown is evident in Figure 27 with plasmodesmata showing
a circular pattern in the wall.

The plasma membrane is dissociated from

the cell wall, and membranes are found in the intracellular space.
Effects on chloroplasts after thirty-six hours are seen in Figur?. 28
with definite deterioration of the chloroplast membrane and separation
of the grana and stroma.

A closer look at a parenchyma cell nucleus

does not give an indication of abnormality in Fiaure 29.
Forty-eight Hours
The chloroplast membranes are completely absent in Figure 30
resulting in release of starch oranules and grana into the matrix of
the cytoplasm.

The plasma membrane is detached from the cell wall.

Additional cell wall disruption after forty-eight hours is observed in
Figure 31 where a dense layer to the cytoplasm has formed in one cell
and deterioration of the plasma membrane occurs in the other cell.
plasmodesmata are present in the cell wall.

Again,

Figure 32 shoos destruction

of the chloroplasts (only starch granules are seen), cell wall, and
plasma membrane wnich allows clumping of cell contents toward the
periphery.

Parenchyma cells containing several organelles are seen in

Figure 33.

The nucleus of the upper cell appears to have a degradation

of the nuclear envelope.
cell.

One plastid is present in this apparently young

Endoplasmic reticulum, Golgi and mitochondria are located next to

the cell wall in the larger cell.
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FIGURE 28.

Thirty-six hours. Seth:,- xydiul effects on chloroplasts,
especially the surrounding membrane are seen in this
micrograph. The starch granules (S) and grana (G) are
being released into the cytoplasm (C) because of the
deterioration of the membrane. 19,500X

FIGURE 29.

Thirty-six hours. The nucleus (N) of a parenchyma cell
shows no abnormal structural changes after treatment. Note
the elongated position of the endoolasmic reticulum (arrow)
throughout the matrix. 15,600X
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FIGURE 30.

Forty-eight Hours. The effects on deterioration membranes,
especially the membrane surrounding the chloroplasts, by
the chemical, become':. more precise after forty-eight hours.
The grana (G and starch granules (S) are in free suspension
in the cytoplasm. 12,700X

FIGURE 31.

Forty-eight hours. Detachment of plasma membrane (*)
from the cell wall (CW) is occurrino in one cell, where
a dense layer (arrows) is forming along the cell wall in
the adjacent cell. 17,600X

36

FIGURE 32.

Forty-eight Hours. Additional dense layers (arrows)
continue to appear next to the cell wall (CW) in tissues
of samples taken at this tiffe interval. Starch granules
(S) and a microbody (Mb) are also present. 13,000X
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FIGURE 33.

Forty-eight Hours. Cellular activity is seen in this
micrograph showing the nucleus (N) beginning to deteriorate.
Plastids (P) are also present in the cells. 19,500X
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Sixty Hours
Sixty hours following plant exposure to sethoxydim, eell walls,
plasma membranes and cytoplasmic matrix experienced changes.
illustrates dense materials forming along the cell wall.

Figure "34

An apparent

connection across the cell to the other wall of this dense material is
evident.

Invagination of one cell wall but not the adjacent ce1 7

is seen in Figure 35.

The nuclear membrane surrounding the nucleus in

micrograph 36 has begun to migrate away from the nucleus forming a
vacuole containing vesicles.
extension of its membrane.

Figure 37 shows another nucleus with an
Effects of sethoxydim on xylem secondary cell

walls are seen in Figure 38, where the wall is breaking down and contains
small dense particles.

The primary wall is extended out into the xylem

cell and the secondary wall is still attached.
Seventy-two Hours
Drastic changes are seen in micrographs of tissue removed after
seventy-two hours of sethoxydim treatment.

A parenchyma cell showing

free starch granules but no grana is seen in Figure 39.

Other cell

organelles are clumped together with the starch granules.
wall has a discontinuous appearance.
endoplasmic reticulum.

The cell

The pit cavity has an associated

The plasma membrane has totally withdrawn from

the cell wall in Figure 40 and the cell contents are beginning to
constrict, a condition similar to plasmolysis, the shrinking of the
protoplasm of a cell due to loss of water by osmosis.

A final deteriora-

tion of cell contents and cell wall is evident in Figures 41 and 42.
Scannina Electron Microscope
Observations made using the scanning electron microscope are seen
in Figures 43 through 47.

After three hours of treatment the intercalary

39

FIGURE 34.

Sixty Hours. Thick dense material with a connecting link
through the cytoplasm is formed in a collenchyma cell.
,800X

FIGURE 35.

Sixty Hours. Alterations due to sethoxydir activity are
seen in this micrograph. The pit cavity (PC) appears on
only one side of the cell wall. 16,600X

40

FIGURE 36.

Sixty Hours. An examination of nuclear activity at this
time interval shows a nucleus (N) with membrane (arrows)
delimiting vesicles extending out into the cell matrix.
12,700X

FIGURE 37.

Sixty Hours. Another nucleus (N) is also demonstrating a
peculiar membrane extension containing vesicles (arrows).
12,700X
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FIGURE 38.

Sixty Hours. Xylem (X) cells also show signs of abnormal
structures at sixty hours after treatment. The secondary
cell wall (SW) is detached and appears to be degrading in
one area. Part of the primary cell wall is extended into
the cell and contains small dense particles (*). 10,400X
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FIGURE 39.

Seventy-two Hours. A parenchyma cEll begins to show signs
of degradation. The organelles have become arouped together
with noticeable starch granules (S). The plasma membrane
(arrow) is detaching and becoming fragmented along the cell
wall (CW). 9800X

43

FIGURE 40.

Seventy-two Hours. A definite abnormal structure of a
parenchyma cell. The protoplast (P) has detached from
the cell wall and the contents indicate plasmolysis.
9200X
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FIGURE 41.

Seventy-two Hours. Pronounced destruction of Parenchyma
tissue after exposure to sethoxydim for seventy-two is
evident in this micrograph. 7SOOX

FIGURE 42.

Seventy-two Hours. Additional destruction due to herbicide
effects on cellular structure appears in this micrograph.
7800X
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FIGURE 43.

Three Hours. Scanning electron micrograph showing vascular
bundles (VC) and parenchyma tissue (P) from the intercalary
meristem. 450X

FIGURE 44.

Six Hours. No further alterations to structural morphology,
that might be induced by sethoxydim, are evident in this
micrograph. Structural changes believed to be preparation
artifact are observed in the reOon marked by *. 459X
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FIGURE 45.

Thirty-six Hours. Vascular bundles (VB) are beqinninn to
shrink and small structures appear on the cell walls
(arrows). 450X

FIGURE 46.

Forty-eight Hours. Herbicide effect on the intercalary
region, especially the vascutar bundles (VB) is seen fortyeight hours after treatment and tne sall structures appear
on cell walls (arrows). 450X
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FIGURE 47.

Seventy-two Hours. Ultrastructural changes have occurred
at seventy-two hours that are evident in this micrograph.
Vascular bundles (VB) and parenchyma tissues (P) are scen.
Structures in the cell walls (arrows) may be the same as
the dense structurec. shown by TEM. 750X

48
region in Figure 43 does not show notable ultrastructural changes.
vascular bundles are surrounded by parenchyma around tissue.

The

A six hour

sample, Figure 44, illustrates similar plant structures with little
change that could be contributed to sethoxydim.
damaged, but could be preparation injury.

Some cells appear

Thirty-six hours following

application of sethoxydim. Figure 45, there begins to appear structures
along the cell walls, and there is a shrinking appearance to the tissue.
In Figure 46, further structural disruption occurs at forty-eight hours,
where the vascular bundles have shrunk and the ground tissue is breaking
down.

After seventy-two hours of exposure to sethoxydim, the tissue has

deteriorated as seen in Figure 47.

DISCUSSION
The mode of action of sethoxydim has been postulated by previous
investigators as a mitotic inhibitor, stopping cell wall formation
following the metaphase stage of mitosis in apical neristems of corn and
johnsongrass within twenty-four hours.

In this study, using the trans-

mission and scanning electron microscopes to examine the intercalary
meristem, it was difficult to obtain undifferentiated meristematic
cells throughout all time intervals.

Figure 48 is a micrograph of

control meristematic cells in the intercalary meristem.

During the

course of thin sectioning of treated material, few meristematic cells
were obtained and viewed on the transmission electron microscope.
Unlike the apical meristem, where there are only meristematic cells,
the intercalary region is a combination of meristematic cells,
parenchyma tissue, which is capable of meristematic activity, supporting
tissues, collenchyma, sclerenchyma and the vascular bundles containing
xylem and phloem.

All these tissues are scattered throughout the stem;

and with thin sectioning,it was impossible to locate only meristematic
cells.

However, the effect of sethoxydim on all cells is of importance

when determining a mechanism of action.
No binucleated cells were seen in the cells examined.

This is not

to say that inhibition of cytckensis did not occur, but more conclusive
results were in cells that nad underc!one some degree of differentiation.
This specialization would make their nuclei devoid of any karyokenetic
activities.

There was damage observed to nuclear envelopers as early as

49
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FIGURE 48.

Control Tissue. A transmission micrograph of typical
meristematic cells found in the intercalary meristem.

51
six hours, but more research is needed to determine if normal nuclear
activity caused this damage or if the cytoplasmic matrix or protoplasm
contained a product that caused the deterioration, such as sethoxydim.
The most notable affect of sethoxydim occurred to membranes and
cell walls.

The plasmodesmata play an important role in transport to

and between cells by connecting their living protoplasts.

They are also

a part of a transloration system called symplastic which constitutes the
total continuum of protoplasm throughout the plant.
phloem tissue are also a part of this system.

The cytoplasm and

Sethoxydim is a phloem

mobile herbicide; therefore it can be stated that it moves through
the plant by the symplast system.

The actual function or role the

plasmodesmata play in the mode of action may be purely that of giving
the chemical a pathway to other cells after it has been absorbed through
the phloem tissue.

However, the frequent appearance of these organelles

at places of malfunction seems to indicate that they play an important
role in carrying the chemical into a cell and then killing the cell by
not allowing any herbicide to be emitted to another cell.
When preparing the samples for electron microscopy, the earliest
noted structural change without the aid of a microscope occurred
approximately thirty-six to forty-eight hours after application of the
herbicide.

The tissue had become less turgid and was easily cut into

mm3 size, whereas earlier samples had the turgor and rigidness of a normal
plant stem.

After three hours, samples viewed with the transmission

electron microscope revealed dense particles in the cell wall.

This

level of observation does not say that these particles are herbicide
related; however, at this investigative level, it is highly possible
that some structural changes could be occurring within the plant stem.

52
Ultrastructural effects of sethoxydim at different time intervals
in the mature cells were not as drastic as had been expected, but
changes were noted.

As noted earlier, previous investigations have

dealt with younger tissue; and it had been found that in some cases
mature leaves were not altered by sethoxydim.

However, mature cells

in the intercalary meristem did incur structural alteration.

This

alteration may not have occurred as rapidly as in active meristematic
tissue; but nevertheless, it was observed in the micrographs.

These

changes could be primarily contributed to sethoxydim entering the mature
cell and causing damage from within.

Another factor to consider is

that with the lysis of the younger cells there is an interruption in
the supply of vital nutrients needed by various mature cells to carry
on their life functions.

At seventy-two hours, cells did show structural

changes similar to plasarlysis--the cell loses its water resulting in
a shrinking to the protoplasm.

This reaction may be an effect of

herbicide action in mature cells or of the cell's being cut off from
its water source and reacting by piasmolysis.
Scanning electron micrographs, not being at the magnification of
transmission electron micrograph, were not as informational for
determining mode of action of sethoxydim.

SUMMARY
Study results indicated ultrastructural effects of sethoxydim on the
intercalary meristem of johnsongrass by using both the transmission and
scanning electron microscopes.

Samples were excised from the inter-

calary meristem region at time intervals of 0, 1, 3, 6, 12, 24, 36,
48, 60 and 72 hours.

The length of time from initial application of the

chemical to the actual effect on cellular components was not fully
determined.

However, abnormalities were noted as early as six hours

after initial application.

The mode of action of sethoxydim was not

seen in these micrographs as a mitotic inhibitor, but as a membrane
alternator.

Sethoxydim possibly alternates the membranes in the older

cells located in the intercalary meristem rather than inhibits mitosis.
Further research in this area utilizing electron microscopy should
include intensive examination of the meristematic cells in the intercalary region to determine if mitosis is being inhibited by the herbicide.
Other alterations to this study would include increased time intervals
between collecting samples and a variation of electron microscopy
chemicals used in fixation and staining to enhance the different
organelles and structures associated with plant tissues and cells.
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